sometimes referred to as positional memory, and similar properties have been attributed to specification on the transverse axes of the limb (Stocum, 1996) .
The putative site of GPI-derivatization is D70. The residues enclosed in a red box indicate the conserved CD59/Ly-6 family motif CCXXXXCN. The ten cysteines residues that are conserved among members of the family are arrowed. Prod 1 lacks cys at residues 6 and 10, but it is interesting that the R and D residues in these locations might possibly form a salt bridge. limb blastemas. Our three criteria were to search for Results genes that were up-or downregulated by RA, showed a coordinate difference in expression in a proximal ver-
Identification of Prod 1 by a Subtractive Screen
In view of the considerations outlined in the Introduction, sus a distal blastema, and were expressed on the cell surface. Only one candidate fulfilled all these criteria, we used a subtractive procedure which permitted the detection of transcripts that were regulated by less than and it was the newt ortholog of CD59, originally identified in mammals as a surface antigen which regulates the 5-fold. RNA was prepared either from newt distal limb blastemas at 3 days after injection of animals with allactivity of later steps of the complement pathway (Davies et al., 1989). Critically, we have raised antibodies trans-RA, or from parallel blastemas after injection of DMSO as vehicle control. The RNA preparations were to two nonoverlapping peptides in the newt sequence and both reagents specifically block PD engulfment.
converted to cDNA and subtracted in the two alternative tracer/driver combinations by the PCR-select method This molecule, called Prod 1/CD59, is thus a membraneassociated protein that is directly implicated in the celluso as to yield pools of RA-up-and RA-downregulated clones. A total of 1232 clones were sequenced from four lar basis of PD identity. independent subtractions (two up and two down), of which, 652 were potentially in the RA-up category. Of the unique RA-up sequences, 151 were identified by BLAST search, while 100 of the RA-down were identified. A subset of 28 clones was chosen for detailed analysis of expression level by RNase protection assays, and 23 proved to be significantly up-or downregulated in the original samples of blastemal RNA, thus validating the efficacy of the subtraction procedure. Six clones also showed a significant difference in expression level between RNA preparations from matched proximal (mid-humerus) or distal (distal radius/ulna) limb blastemas, and the differences were consistent with the "polarity" of action of RA, that is P Ͼ D, RA-up or D Ͼ P, RA-down. Only one clone, termed Prod 1, satisfied our initial criteria for a molecule involved in PD identity; it was upregulated by RA treatment of a distal blastema, expressed at a significantly higher level in a proximal versus a distal blastema, and apparently encoded a GPIanchored surface protein.
The putative amino acid sequence of the Prod 1 protein is shown in Figure 1A . A search of the databases revealed significant sequence similarity between Prod 
Prod 1 Is a Surface Protein with a GPI Anchor
We raised rabbit antisera against two nonoverlapping The expression was analyzed in RNA samples derived from matched proximal and distal limb blastemas, and peptides corresponding to residues 5-16 (referred to as 683) and to 57-67 (684) of the putative mature protein there was a reproducible 1.7-fold difference, normalized with respect to expression of EF-1␣, with P Ͼ D (lanes (see Figure 1A ). Both reagents were assayed by solid Figure 5C ). These data provide strong confirmation that Prod 1 is situ hybridization with the Prod 1 riboprobe on sections from PD pairs. This showed a small but consistent differregulated on the PD axis both at the RNA and protein levels. ence in mRNA levels between the proximal engulfing partner and the distal partner, generally consistent with When mesenchymal blastemas are juxtaposed at their basal surface, the two tissue masses fuse to form a the 1.7-fold difference observed by RNase protection ( Figure 5B) . The difference in expression of Prod 1 prosingle structure, and this occurs for both PD ( Figure 5D ; P member is green labeled), or PP ( Figure 5G ) or DD tein was evaluated by immunohistochemical staining of Previous experiments on cells from the chick limb bud still clearly demarcated ( Figure 6H ) relative to controls, but by 120 hr engulfment had proceeded as in controls. have suggested that GPI-linked proteins are implicated in adhesive phenomena that are dependent on posiAt a dilution of 1:200, the PD pairs (n ϭ 4) behaved, as did the control PD confrontations; that is, there was no tional identity (Wada et al., 1998) . In view of the above evidence that Prod 1 is GPI linked, we investigated the detectable inhibition (Figures 6J-6L ). This analysis was repeated in its entirety with antibodactivity of PIPLC in the engulfment assay. PD pairs were cultured for 120 hr in the presence of PIPLC in the meies to peptide 684 ( Figure 1A ), diluted as before at 1:100, 1:200, and 1:400 (the 684 antibody titer was double that dium. The PD pairs remained viable, but none (n ϭ 7) showed significant signs of engulfment relative to conof the 683 antibody as determined by ELISA). Comparable results were obtained to those shown in Figures  trol pairs (Figures 5J-5L) . The PIPLC digestion was also used in the chick case (Wada et al., 1998) and provides 6D-6L for the 683 reagent. That is, the engulfment was blocked at 1:100, inhibited at 72 hr for 1:200, and unafinitial evidence that GPI-linked molecules might be involved in the PD engulfment phenomenon, but provides fected at 1:400 (data not shown). Two different negative control rabbit antibodies were no clue to the specific identity of the molecules involved. examined. Normal rabbit IgG was added at 20 g/ml, role in PD identity involves interactions with complement components, although this cannot be ruled out at presequivalent to the 1:50 dilution of the affinity-purified 683 antibody, and had no effect on PD engulfment up to 120 ent, and interestingly, newt C3 is known to be expressed by limb blastemal cells (Del Rio-Tsonis et al., 1998). It hr ( Figure 6M ). We also added affinity-purified antibodies (20 g/ml) to the extracellular EGF-like region of seems more plausible that as a GPI-linked protein, it may interact with other surface molecules. It is interesttomoregulin (Eib and Martens, 1996), an integral membrane protein previously shown to be expressed by newt ing that studies of position-related cellular adhesion and sorting in the chick limb bud have concluded that GPIlimb blastemal cells (Morais da Silva et al., 2001 ). The tomoregulin antibodies had no detectable effect on enanchored molecules are critical in this context as well (Wada et al., 1998) , and we propose that the chick orgulfment over 120 hr ( Figure 6N) .
In summary, two affinity-purified antibodies to distinct tholog of Prod1/CD59 may be responsible. The disparity in level of expression between adjacent cells might be regions of Prod 1 were active in blocking PD engulfment, while the two control reagents, including one directed sensed by a mechanism in which molecules interact in an adhesive role, thus preventing their activity as at another surface protein, had no effect. These data provide strong evidence that Prod 1 is implicated in PD receptors for membrane associated ligands (Figure 7 , see legend). The cell with the higher level would then identity of limb blastemal cells.
have "spare" molecules to activate pathways that evoke the cellular responses of movement (engulfment) or proDiscussion liferation. It is recognized that CD59 may activate tyrosine kinases associated with membrane rafts, in addition The screen was effective in identifying several hundred to its extracellular role in relation to complement (Murray genes which were regulated by RA, and in reducing and Robbins, 1998). There is an interesting parallel with them to a single candidate, Prod 1/CD59, which met class 1 major histocompatibility antigens (MHC I), the the initial criteria. Most genes analyzed did not show a widely expressed surface proteins which have been significant difference in expression between proximal studied extensively for their roles in cellular immunology. and distal blastemas. The proximal and distal blastemas A subtractive screen has revealed that they are reguwere not generated at the extremes of the PD axis for lated by neuronal activity, and apparently mediate reasons of convenience; hence, the factor of 1.7-fold changes in synaptic connectivity in the CNS ( ). Prod the adult limb, and it is therefore plausible that blastemal 1/CD59 is also widely distributed in an adult urodele cells derive their level-specific expression directly from and presumably plays a role in relation to immune functheir differentiated precursors. Furthermore, the exprestion. Our work has revealed that it is regulated by PD sion in the normal limb is also regulated by RA, and this location in the limb and by RA, and it is implicated in may help to explain why the distal regenerating limb positional identity during adult regeneration, another can be effectively respecified by RA at early stages in manifestation of cellular plasticity. Future work should regeneration before significant accumulation of blasteaddress the identity of the molecules that it interacts mal cells has occurred (Maden, 1983) .
with in this role, as well as its possible function in other The engulfment assay was specifically blocked by contexts. both antibodies to Prod 1/CD59 peptides, thus implicating this molecule as a significant factor in PD identity. It could be argued that it has a general or permissive 
